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Abstract:We consider spin-3/2 particles on the background of general accelerating
black holes and C-metric. The Rarita-Schwinger equations of spin-3/2 particles are
analyzed on these backgrounds. The emission and absorption probabilities of the
spin-3/2 particles on these spacetimes are calculated. These backgrounds which we
analyze contain both black hole horizon and acceleration horizon, and have general
electric and magnetic charges, rotation, and acceleration parameter. The properties
of the spin-3/2 field near the acceleration horizon are also computed.
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1. Introduction
In this paper, we consider spin-3/2 particles on the spacetime of accelerating black
holes. The accelerating black hole is a black hole with the source that has an accel-
eration [1, 2]. These black holes have an acceleration parameter and can also have
charge and rotation. In the coordinate system convenient for a boost-rotation sym-
metry, the extended space can describe a pair of black holes accelerating in opposite
directions [1, 2, 3, 4, 5]. This space is the C-metric, and it can also include charge
and rotation [1, 2].
The spin-3/2 particles can be described by the Rarita-Schwinger equations [6].
The spin-3/2 field can appear as effective fields of spin-3/2 baryons, for example
hadronic resonances, in effective field theories of interacting hadrons [7, 8]. It can also
appear as gravitinos in supergravities in which there is fermionic gauge invariance,
for example [9, 10], and their dimensional reductions, for example [9]. The spin-3/2
particle is also of interest for phenomenological models beyond the standard model.
One the other hand, quantum mechanical effects of particles on the background
of general relativity can give rise to many interesting phenomena such as the evapo-
ration of black holes via Hawking radiations [11, 12]. These radiations have also been
investigated as quantum tunneling of particles from the black hole horizons, for ex-
ample [13, 14]. Many black holes, such as the Reissner-Nordstro¨m and Kerr-Newman
black holes, have been studied for these radiations [15-25]. The wave equations of
spin-1/2 and spin-0 particles, with or without charge, on three-dimensional black
holes such as the charged BTZ spacetimes [26, 27, 28, 29], have also been analyzed
[30], and the emission and absorption probability of these particles, incorporating
WKB approximation and spacetime symmetries were investigated. The BTZ space-
times can also appear from the near horizon geometry of higher dimensional black
holes in appropriate limits, and can be embedded in supergravity and superstring
theory, for example [31, 32]. In a related approach, it has also been shown that the
propagation of waves described by the Dirac equation of spin-1/2 fermions in Kerr-
Newman spacetime decays in time [33, 34], and the probability that the spin-1/2
particle escapes to infinity was also computed [33]. Fermions with various spins in a
curved spacetime have also been studied [21].
In this paper we study the spin-3/2 particles in accelerating black hole space-
times. We first solve a set of Rarita-Schwinger equations of neutral spin-3/2 particles
in the background of accelerating black holes with charge and rotation. An overall
phase factor of the wavefunction for the spin-3/2 particles with given energy and
angular momentum can be evaluated. The probability of emission and absorption of
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spin-3/2 particles across the event horizons are computed. After that, we consider
charged spin-3/2 particles on the background of charged accelerating black holes,
and a similar analysis are performed. We then analyze the wavefunctions of the
spin-3/2 particles near the acceleration horizon, where the emission and absorption
probability of the spin-3/2 particles are also computed.
This paper is organized as follows. After an brief introduction of the accelerating
charged and rotating black holes in the next Section 2, we discuss spin-3/2 particles
on the accelerating black holes in Section 3. After this, charged spin-3/2 particles
on charged accelerating black holes are discussed in Section 4. In Section 5 we
discuss the acceleration horizon and the emissions of spin-3/2 particles through the
acceleration horizon and the temperature associated with it. Finally in Section 6 we
make brief conclusions of our paper with some discussion.
2. Accelarating and charged black holes
We consider a family of spacetimes which include an acceleration parameter [1, 2].
It contains the well known spacetimes like Schwarzchild, Reissner-Nordstro¨m, Kerr,
Kerr-Newman black holes, and many others as its special cases. It also includes
accelerating and rotating black holes with zero cosmological constant. Nonzero cos-
mological constant can also be introduced [1, 2]. The metric for these black holes in
spherical polar coordinates (t, r, θ, φ) can be written as [1, 2]
ds2 =
1
Ω2
{−(Q
ρ2
− a
2P sin2 θ
ρ2
)dt2 +
ρ2
Q
dr2 +
ρ2
P
dθ2
+(
P (r2 + a2)2 sin2 θ
ρ2
− Qa
2 sin4 θ
ρ2
)dφ2} − 2a sin
2 θ(P (r2 + a2)−Q)dtdφ
ρ2Ω2
,
(2.1)
in which
Ω = 1− αr cos θ, (2.2)
ρ2 = r2 + a2 cos2 θ, (2.3)
P = 1− 2αM cos θ + [α2 (e2 + g2 + a2)] cos2 θ, (2.4)
Q =
[(
a2 + e2 + g2
)− 2Mr + r2] (1− α2r2) . (2.5)
Here M is the mass of the black hole, e and g are its electric and magnetic charges, a
is the rotation, and α is the acceleration of the black hole. In Eq. (2.1), rearranging
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the terms, we get
ds2 = −f(r, θ)dt2 + dr
2
v(r, θ)
+ Ξ(r, θ)dθ2 +K(r, θ)dφ2 − 2Φ(r, θ)dtdφ, (2.6)
where f(r, θ), v(r, θ), Ξ(r, θ), K(r, θ) and Φ(r, θ) are defined below
f(r, θ) =
1
Ω2
(
Q− a2P sin2 θ
ρ2
), (2.7)
v(r, θ) =
QΩ2
ρ2
, (2.8)
Ξ(r, θ) =
ρ2
PΩ2
, (2.9)
K(r, θ) =
(
sin2 θ
[
P (r2 + a2)2 −Qa2 sin2 θ]
ρ2Ω2
)
, (2.10)
Φ(r, θ) =
(
a sin2 θ [P (r2 + a2)−Q]
ρ2Ω2
)
. (2.11)
The vector potential for these black holes is
A =
−er [dt− a sin2 θdφ]− g cos θ [adt− (r2 + a2) dφ]
r2 + a2 cos2 θ
. (2.12)
These solutions can be obtained in Einstein gravity with Maxwell field.
The horizons are obtained by taking Q = 0, which gives their locations at
r =
1
α
, and r± =M ±
√
M2 − e2 − g2 − a2. (2.13)
Here r± represent the outer and inner horizons similar to those of the Kerr-Newman
black holes. We are only considering the case that the sign inside the radical is always
positive. The other horizon at r = 1
α
is an acceleration horizon. In our notations we
assume α > 0.
Now we define the function which will be needed later,
F (r, θ) = f(r, θ) +
Φ2(r, θ)
K(r, θ)
. (2.14)
Using the values of f(r, θ), K(r, θ) and Φ(r, θ) from Eqs. (2.7), (2.10) and (2.11)
and after simplification we get
F (r, θ) =
PQρ2[
P (r2 + a2)2 −Qa2 sin2 θ]Ω2 . (2.15)
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The angular velocity, for the metric (2.1), takes the form
ΩH =
−gtφ
gφφ
∣∣∣∣
r=r+
=
Φ(r, θ)
K(r, θ)
∣∣∣∣
r=r+
. (2.16)
Using the values of K(r+, θ) and Φ(r+, θ) from Eqs. (2.10) and (2.11) we get
ΩH =
a
r2+ + a
2
(2.17)
which is evaluated at the outer horizon.
3. Spin-3/2 particles on accelerating black holes
In this section we consider the accelerating charged and rotating black holes. We
consider spin-3/2 fields and their physical properties on the background of these
black hole spacetimes. The Rarita-Schwinger equation of the spin 3/2 fermion field
is of the form [6]
iγν(Dν)Ψµ − m
~
Ψµ = 0, (3.1)
where Ψµ =Ψµσ is a vector-valued spinor, with a vector index and a spinor index,
and m is the mass of the field. The Dν is the covariant derivative. The first equation
(3.1) is the Dirac equation applied to every vector index of Ψµσ, while there is a
second equation [6]
γµΨµ = 0, (3.2)
which is a set of additional constraints. There is a supplementary condition DµΨµ =
0, which can be derived from these above two equations [6]. These constraints ensure
that Ψµσ represents spin-3/2 fermion fields. The field Ψµσ describes the spin-3/2
particle and its anti-particle. The curved space γ-matrices are defined as
γt =
√
(P (r2 + a2)2 −Qa2 sin2 θ)(Ω2)
PQρ2
γ0, γr =
√
QΩ2
ρ2
γ3, γθ =
√
PΩ2
ρ2
γ1,
γφ =
ρΩγ2
sin θ
√
P (r2 + a2)2)−Qa2 sin2 θ
+
a(P (r2 + a2)−Q)γ0√
F (r, θ)(P (r2 + a2)2)−Qa2 sin2 θ) , (3.3)
and we choose the basis for the tangent space γ-matrices to be,
γ0 =
(
0 I2
I2 0
)
, γi =
(
0 σi
−σi 0
)
,
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with {γα, γβ} = −2ηαβ.
We use the following ansatz for the wave function
Ψµ(t, r, θ, φ) =


u
(1)
µ
u
(2)
µ
u
(3)
µ
u
(4)
µ

 exp
[
i
~
I(t, r, θ, φ)
]
, (3.4)
in which u
(1)
µ , u
(2)
µ , u
(3)
µ , u
(4)
µ each are functions of the spacetime coordinates.
The first Rarita-Schwinger equation (3.1) will give an equation which can be
solved for the action I independently of the vector components of the wave function.
The second Rarita-Schwinger equation (3.2) will give four constraints for these vector
components of the wave function independently of the action. Hence, as the action
is all we require to find the horizon temperature, equation (3.2) will never have any
effect on the action I. This implies that fermions of every spin will emit at the same
temperature.
The covariant derivatives are
Dµ = ∂µ +
1
8
ωµαβ[γ
α, γβ], (3.5)
where [γα, γβ] satisfies the commutative relations
[γα, γβ] = −[γβ, γα], if α 6= β; [γα, γβ] = 0, if α = β. (3.6)
By using Eq. (3.6) the Rarita-Schwinger equation takes the form
(iγt∂t + iγ
r∂r + iγ
θ∂θ + iγ
φ∂φ)Ψµ − m
~
Ψµ = 0. (3.7)
Now, we substitute the above ansatz (3.4) of the wave function into Eq. (3.7) and
compute it term by term. We divide by the exponential term and neglect the terms
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with higher orders in ~. We obtain the following four equations, for µ = 0,...,3,
0 = (− 1√
F (r, θ)
∂tI −
√
v(r, θ)∂rI − Φ(r, θ)
K(r, θ)
√
F (r, θ)
∂φI)u
(3)
µ
+(− 1√
Ξ(r, θ)
∂θI +
i√
K(r, θ)
∂φI)u
(4)
µ − u(1)µ m, (3.8)
0 = (− 1√
F (r, θ)
∂tI +
√
v(r, θ)∂rI − Φ(r, θ)
K(r, θ)
√
F (r, θ)
∂φI)u
(4)
µ
−( 1√
Ξ(r, θ)
∂θI +
i√
K(r, θ)
∂φI)u
(3)
µ − u(2)µ m, (3.9)
0 = (
1√
F (r, θ)
∂tI −
√
v(r, θ)∂rI +
Φ(r, θ)
K(r, θ)
√
F (r, θ)
∂φI)u
(1)
µ
+(− 1√
Ξ(r, θ)
∂θI +
i√
K(r, θ)
∂φI)u
(2)
µ + u
(3)
µ m, (3.10)
0 = (
1√
F (r, θ)
∂tI +
√
v(r, θ)∂rI +
Φ(r, θ)
K(r, θ)
√
F (r, θ)
∂φI)u
(2)
µ
−( 1√
Ξ(r, θ)
∂θI +
i√
K(r, θ)
∂φI)u
(1)
µ + u
(4)
µ m. (3.11)
The second set of Rarita-Schwinger equation (3.2) yields
0 =
u
(3)
t√
F
+
√
vu(3)r +
u
(4)
θ√
Ξ
+
Φu
(3)
φ
K
√
F
− iu
(4)
φ√
K
, (3.12)
0 =
u
(4)
t√
F
−√vu(4)r +
u
(3)
θ√
Ξ
+
Φu
(4)
φ
K
√
F
+
iu
(3)
φ√
K
, (3.13)
0 =
−u(1)t√
F
+
√
vu(1)r +
u
(2)
θ√
Ξ
− Φu
(1)
φ
K
√
F
− iu
(2)
φ√
K
, (3.14)
0 =
−u(2)t√
F
−√vu(2)r +
u
(1)
θ√
Ξ
− Φu
(2)
φ
K
√
F
+
iu
(1)
φ√
K
. (3.15)
These will give us additional relation between the various vector components of the
wave function, but will not influence the common phase factor given by I in Eq. (3.4),
so these are not important here as the solution for the action will be independent of
these relations.
Taking into account the symmetries of the spacetime at hand, we employ the
ansatz for the action as
I = −Et+ Jφ+W (r, θ). (3.16)
Here E and J denote the energy and angular momentum of the radiated particle.
We denote ∂W
∂r
as Wr for simplicity. Inserting this into the above four equations, we
get
0 = (
E√
F (r, θ)
−
√
v(r, θ)Wr − JΦ(r, θ)
K(r, θ)
√
F (r, θ)
)u(3)µ
+(− 1√
Ξ(r, θ)
Wθ +
iJ√
K(r, θ)
)u(4)µ − u(1)µ m, (3.17)
0 = (
E√
F (r, θ)
+
√
v(r, θ)Wr − JΦ(r, θ)
K(r, θ)
√
F (r, θ)
)u(4)µ
−( 1√
Ξ(r, θ)
Wθ +
iJ√
K(r, θ)
)u(3)µ − u(2)µ m, (3.18)
0 = (− E√
F (r, θ)
−
√
v(r, θ)Wr +
JΦ(r, θ)
K(r, θ)
√
F (r, θ)
)u(1)µ
+(− 1√
Ξ(r, θ)
Wθ +
iJ√
K(r, θ)
)u(2)µ + u
(3)
µ m, (3.19)
0 = (− E√
F (r, θ)
+
√
v(r, θ)Wr +
JΦ(r, θ)
K(r, θ)
√
F (r, θ)
)u(2)µ
−( 1√
Ξ(r, θ)
Wθ +
iJ√
K(r, θ)
)u(1)µ + u
(4)
µ m. (3.20)
Expanding Eq. (2.8) in Taylor’s series and neglecting the higher powers we get
v(r, θ) = v(r+, θ) + (r − r+)vr(r+, θ), (3.21)
where we denote ∂v
∂r
as vr, and similarly for other functions. Note that at the horizon
v(r+, θ) = 0, and its derivative at the horizon is vr(r+, θ), so it becomes
v(r, θ) = (r − r+)(
2(r+ −M)(1− α2r2+)Ω2 (r+, θ)
(r2+ + a
2 cos2 θ)
). (3.22)
Similarly, we expand F (r, θ) = F (r+, θ) + (r − r+)Fr(r+, θ), and noting that at the
horizon F (r+, θ) = 0, Eq. (2.14) becomes
F (r, θ) = (r − r+)(2(r
2
+ + a
2 cos2 θ)(r+ −M)(1 − α2r2+)
(r2+ + a
2)2Ω2 (r+, θ)
). (3.23)
Expanding near the black hole horizon, from Eqs. (3.12) to (3.15), we obtain four
equations which have no effects on the solution of the action. Now expanding Eqs.
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(3.17) to (3.20) near the black hole horizon and using Eqs. (3.22) and (3.23), we get
the first Rarita-Schwinger equation in the simplified form,


−m 0 ε−Wr
√
(r − r+)vr s− Wθ√Ξ
0 −m −s− Wθ√
Ξ
ε+Wr
√
(r − r+)vr
ε+Wr
√
(r − r+)vr −s+ Wθ√Ξ −m 0
s+ Wθ√
Ξ
ε−Wr
√
(r − r+)vr 0 −m




u
(1)
µ
u
(2)
µ
u
(3)
µ
u
(4)
µ

 = 0,
(3.24)
where we define
ε =
E√
(r − r+)Fr(r+, θ)
− J Φ
K
√
(r − r+)Fr(r+, θ)
, (3.25)
s = i
J√
K
. (3.26)
We make a Left-Upper Decomposition of the matrix and this gives,
(ε+Wr
√
(r − r+)vr)(ε−Wr
√
(r − r+)vr)− (s+ Wθ√
Ξ
)(−s+ Wθ√
Ξ
)−m2 = 0. (3.27)
It can be seen that we can take θ = θ0, where θ0 is constant of motion, and then
Wθ can be solved to be a constant. Then expanding Eq. (3.27) near the horizon
r = r+ and solving for Wr, we see that only ε contributes, as the absolute value
of Wr increases quickly to infinity near the horizon while the other terms do not
contribute in the solution. Near the horizon we see that W (r, θ) can be written
as W (r) + ξ(θ), where ξ is complex and has no r dependence. We see that the Wr
has two solutions, ∂rW+ and ∂rW−, corresponding to outgoing and incoming modes
respectively,
∂rW± = ± (E − ΩHJ)√
(r − r+)Fr(r+, θ)
√
(r − r+)vr(r+, θ)
. (3.28)
Substituting the values of Fr(r+, θ) and vr(r+, θ), the above equations becomes
∂rW± = ±
(E − ΩHJ)(r2+ + a2)
2(r − r+)(r+ −M)(1− α2r2+)
. (3.29)
The ∂rW± has a pole at the horizon r+. For finding the value of W we integrate the
above result
W± = ±
∫
(E − ΩHJ)(r2+ + a2)dr
2(r − r+)(r+ −M)(1 − α2r2+)
. (3.30)
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Integrating the above integrand around the pole r = r+, this gives
W± = ±pii
(E − ΩHJ)(r2+ + a2)
2(r+ −M)(1 − α2r2+)
(3.31)
and we obtain
ImW± = ±pi
2
(E − ΩHJ)(r2+ + a2)
(r+ −M)(1− α2r2+)
. (3.32)
So the probabilities of the emission and absorption of the spin-3/2 particles are
Pemission ∝ exp[−2 Im I+] = exp[−2(ImW+ + Im ξ)], (3.33)
Pabsorption ∝ exp[−2 Im I−] = exp[−2(ImW− + Im ξ)]. (3.34)
Since ImW+ = − ImW−,
Γ =
Pemission
Pabsorption
=
exp[−2(ImW+)]
exp[−2(ImW−)] = exp[−4 ImW+]. (3.35)
The resulting tunneling probability is
Γ = exp[−2pi (E − ΩHJ)(r
2
+ + a
2)
(r+ −M)(1− α2r2+)
] = exp[−β(E − ΩHJ)]. (3.36)
Comparing this with β = 1/TH we find that the horizon temperature is given by
TH =
(r+ −M)(1− α2r2+)
2pi(r2+ + a
2)
, (3.37)
where r+ is given by Eq. (2.13). If we set rotation and acceleration equal to zero,
these expressions will give the expressions for the Reissner-Nordstro¨m black hole. If
we compare it with the black hole without acceleration, we note that the effect of
acceleration is that it decreases the temperature.
4. The charged case
In this section we consider charged spin-3/2 particles on the accelerating and rotating
charged black hole, with the outer horizon r+ = M +
√
M2 − e2 − g2 − a2. The
Rarita-Schwinger equation of the spin 3/2 fermion Ψµ with charge q is given by
iγν
(
Dν − iq
~
Aν
)
Ψµ − m
~
Ψµ = 0, (4.1)
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where q and m is the charge and mass of the particle and Aµ is the vector potential.
Using an ansatz similar to the one in Section 3, the above wave equation takes
the form
iγt∂tΨµ+ iγ
r∂rΨµ+ iγ
θ∂θΨµ+ iγ
φ∂φΨµ+ γ
t q
~
AtΨµ+ γ
φ q
~
AφΨµ− m
~
Ψµ = 0. (4.2)
Substituting the functions as in Section 2 and using the vector potential Aµ given
by Eq. (2.12), after simplification, we obtain four equations,
0 = −[ 1√
F (r, θ)
∂tI +
√
v (r, θ)∂rI +
Φ(r, θ)
K (r, θ)
√
F (r, θ)
∂φI − 1√
F (r, θ)
qAt
− Φ (r, θ)
K (r, θ)
√
F (r, θ)
qAφ]u
(3)
µ + [−
1√
Ξ (r, θ)
∂θI +
i√
K (r, θ)
∂φI − i√
K (r, θ)
qAφ]u
(4)
µ − u(1)µ m,
(4.3)
0 = −[ 1√
F (r, θ)
∂tI −
√
v (r, θ)∂rI +
Φ(r, θ)
K (r, θ)
√
F (r, θ)
∂φI − 1√
F (r, θ)
qAt
− Φ (r, θ)
K (r, θ)
√
F (r, θ)
qAφ]u
(4)
µ − [
1√
Ξ (r, θ)
∂θI +
i√
K (r, θ)
∂φI − i√
K (r, θ)
qAφ]u
(3)
µ − u(2)µ m,
(4.4)
0 = [
1√
F (r, θ)
∂tI −
√
v (r, θ)∂rI +
Φ(r, θ)
K (r, θ)
√
F (r, θ)
∂φI − 1√
F (r, θ)
qAt
− Φ (r, θ)
K (r, θ)
√
F (r, θ)
qAφ]u
(1)
µ + [−
1√
Ξ (r, θ)
∂θI +
i√
K (r, θ)
∂φI − i√
K (r, θ)
qAφ]u
(2)
µ + u
(3)
µ m,
(4.5)
0 = [
1√
F (r, θ)
∂tI +
√
v (r, θ)∂rI +
Φ(r, θ)
K (r, θ)
√
F (r, θ)
∂φI − 1√
F (r, θ)
qAt
− Φ (r, θ)
K (r, θ)
√
F (r, θ)
qAφ]u
(2)
µ − [
1√
Ξ (r, θ)
∂θI +
i√
K (r, θ)
∂φI − i√
K (r, θ)
qAφ]u
(1)
µ + u
(4)
µ m.
(4.6)
From Eq. (3.12) to Eq. (3.15), we obtained four equations which have no effects on
the solution of the action.
In order to solve these equations (4.3) to (4.6), we again employ an action of the
form given in Eq. (3.4) and substitute it in the above equations. Near the horizon
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at r = r+, the functions take the following form,
F (r, θ) = (r − r+) ∂rF (r+, θ)
= (r − r+)
(
r2+ + a
2 cos2 θ
)
(2r+ − 2M)
(
1− α2r2+
)
(1− αr+ cos θ)2 (r2+ + a2)2
, (4.7)
v (r, θ) = (r − r+) ∂rv (r+, θ)
= (r − r+)
(1− αr+ cos θ)2 (2r+ − 2M)
(
1− α2r2+
)
(r2+ + a
2 cos2 θ)
, (4.8)
ΩH =
Φ(r+, θ)
K (r+, θ)
=
a
(r2+ + a
2)
. (4.9)
Using these values in Eq. (4.3) to Eq. (4.6) and expanding near the horizon we
obtain
0 = (ε−Wr
√
(r − r+)vr(r+, θ))u(3)µ + (s−
Wθ√
Ξ(r+, θ)
)u(4)µ − u(1)µ m, (4.10)
0 = (ε+Wr
√
(r − r+)vr(r+, θ))u(4)µ + (−s−
Wθ√
Ξ(r+, θ)
)u(3)µ − u(2)µ m, (4.11)
0 = (ε+Wr
√
(r − r+)vr(r+, θ))u(1)µ − (−s−
Wθ√
Ξ(r+, θ)
)u(2)µ − u(3)µ m, (4.12)
0 = (ε−Wr
√
(r − r+)vr(r+, θ))u(2)µ − (s−
Wθ√
Ξ(r+, θ)
)u(1)µ − u(4)µ m, (4.13)
where we define
ε =
(
E − ΩHJ − qer+(r2++a2)
)
√
(r − r+) ∂rF (r+, θ)
, (4.14)
s = i(
J√
K
+
qer
ρ2
√
K
a sin2 θ). (4.15)
Near the horizon, we also have the functions as following,
Ξ(r+, θ) =
ρ2 (r+, θ)
PΩ2 (r+, θ)
, (4.16)
K (r+, θ) =
(
sin2 θP
(
r2+ + a
2
)2
ρ2 (r+, θ)Ω2 (r+, θ)
)
, (4.17)
Φ (r+, θ) =
(
a sin2 θP
(
r2+ + a
2
)
ρ2 (r+, θ)Ω2 (r+, θ)
)
. (4.18)
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Solving the above equations (4.10) to (4.13), as we discussed in Section 3, finally
we get
W± = ±
pii
(
E − ΩHJ − qer+(r2++a2)
)(
r2+ + a
2
)
(2r+ − 2M) (1− α2r2+)
, (4.19)
and
ImW± = ±pi
2
(
E − ΩHJ − qer+(r2++a2)
)
(r2+ + a
2)
(r+ −M)(1− α2r2+)
. (4.20)
So the tunneling probability becomes
Γ =
Pemission
Pabsorption
= exp[−4 ImW+]. (4.21)
Using the value of ImW+ in the above equation we obtain
Γ = exp[− 2pi(r
2
+ + a
2)
(r+ −M)(1 − α2r2+)
(
E − ΩHJ − qer+
(r2+ + a
2)
)
] (4.22)
= exp[−β(E − ΩHJ − VHq)], (4.23)
which is the Boltzmann factor of the emitted charged particles, including the chemical
potential conjugate to the charge q. Comparing this expression with β = 1/TH , this
gives the horizon temperature as
TH =
(r+ −M)(1− α2r2+)
2pi(r2+ + a
2)
, (4.24)
and r+ in this case is given by Eq. (2.13). If we put acceleration and rotation equal
to zero in formulae (4.22) and (4.24), they reduce to the tunneling probability and
the temperature of the Reissner-Nordstro¨m black hole. If we set the charges of the
background to be zero, they also recover the expressions in Section 3.
5. The acceleration horizon and the charged rotating C-metric
The charged C-metric can give a description of a Reissner-Nordstro¨m black hole with
constant proper acceleration and with massM and charge e, for example [1, 5]. In the
extended space with the coordinate system adapted to boost-rotation symmetry, the
complete space can describe a pair of charged black holes with uniform accelerations
in opposite directions, for example [1, 2, 3, 4, 5]. It is an example of boost-rotation
– 13 –
symmetric spacetime, with an axial Killing vector and a boost Killing vector. The
spin-3/2 particles can be emitted through the horizons of these backgrounds.
In the metric of these backgrounds (2.1), the range of θ is θ ∈ [0, pi]. The function
Ω = 1 − αr cos θ, has no zero for θ ∈ [pi
2
, pi]. Due to the 1
Ω2
factor of the metric, for
θ ∈ [0, pi
2
], the conformal infinity is located at the zero of the function Ω, which is
r = 1
α cos θ
[1, 2].
The horizons of these spacetimes are obtained by setting Q = 0 in Eq. (2.5),
which have three positive roots. The two roots
r± = M ±
√
M2 − e2 − g2 − a2, (5.1)
represent the outer and inner horizons. We are only considering the case that the
sign inside the radical is always positive. The other root is
ra =
1
α
, (5.2)
which is an acceleration horizon related to a boost symmetry, and the subscript a in
ra denotes acceleration.
Now we consider a different solution of the function W for the spin-3/2 particles
defined in Eq. (3.16) in Section 3. In Sections 3 and 4, we have the solution where the
pole of Wr is at r = r+. Now we look for a different solution where the pole of Wr is
at r = ra. We then get the set of equations in the form of Eq. (4.3) to Eq. (4.6). Near
the acceleration horizon, both F (r, θ) and v(r, θ) have a zero at ra, so we can expand
them as F (r, θ) = F (ra, θ)+(r− ra)Fr(ra, θ) and v(r, θ) = v(ra, θ)+(r− ra)vr(ra, θ).
We then get four equations in the similar form as Eq. (4.10) to Eq. (4.13) in Section
4, except that in this section we expand the functions at a different zero of the
function Q. The Wr has two solutions, ∂rW+ and ∂rW−, corresponding to outgoing
and incoming modes,
∂rW± = ±
(E − ΩaJ − qeα1+a2α2 )√
(r − ra)Fr
√
(r − ra)vr
(5.3)
= ± (1 + a
2α2)(E − ΩaJ − qeα1+a2α2 )
2α(r − ra)(1− 2Mα + (e2 + g2 + a2)α2) , (5.4)
where Ωa =
a
r2a+a
2 . By integrating the above integrand around the pole at r = ra, we
get
W± = ±i
pi(1 + a2α2)(E − ΩaJ − qeα1+a2α2 )
2α(1− 2Mα + (e2 + g2 + a2)α2) , (5.5)
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and
Γ = exp[−4 ImW+] = exp[−β(E − ΩaJ − qeα
1 + a2α2
)]. (5.6)
Comparing this expression with β = 1/T , we get the temperature of the emitted
spin-3/2 particles at the acceleration horizon,
Ta =
α(1− 2Mα + (e2 + g2 + a2)α2)
2pi(1 + a2α2)
, (5.7)
where the subscript a in Ta denotes acceleration.
Now we look at the surface gravity at the horizons. There is a coordinate singu-
larity at the black hole event horizon r+ and at the acceleration horizon ra. These
can be removed by using Painleve´-type coordinate transformation. We perform the
coordinate transformation,
dt→ dt−
√
1− v
Fv
dr, (5.8)
so that the Eq. (2.1) becomes,
ds2 = −F (r, θ)dt2 + dr2 + 2F
√
1− v
Fv
drdt+ Ξ(r, θ)dθ2 +K(r, θ)dφ¯
2
, (5.9)
where dφ¯ = dφ− Φ(r,θ)
K(r,θ)
dt. In this form the surface gravity becomes
κ |r=r∗=
1
2
√
1− v
Fv
v
dF
dr
∣∣∣∣∣
r=r∗
, (5.10)
where r∗ denotes the locations of the horizons, the black hole horizon r+ and the
acceleration horizon ra.
Using this formula (5.10) for the C-metric Eq. (5.9), we obtain result at the
black hole event horizon,
κ |r=r+=
(r+ −M)(1 − α2r2+)
r2+ + a
2
, (5.11)
where r+ is the outer horizon in Eq. (5.1). The temperature at the black hole
horizon, T = κ/2pi, of the C-metric agrees with the computation in Eq. (4.24). By
using Eq. (5.10), the surface gravity at the acceleration horizon is,
κ |r=ra=
α(1− 2Mα + (e2 + g2 + a2)α2)
1 + a2α2
. (5.12)
The surface gravity at the acceleration horizon of the C-metric thus agrees with the
computation of Eq. (5.7), that is κ |r=ra= 2piTa.
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6. Discussion
We have considered the Rarita-Schwinger equations for spin-3/2 particles on the
backgrounds of accelerating black holes with general electric charge, magnetic charge,
rotation, and acceleration parameter. We first consider the neutral spin-3/2 particles.
The overall phase factor in the vector components of the wavefunctions for the spin-
3/2 particle are analyzed and its radial derivative has poles on the locations of the
event horizons. By the integration along complex path we evaluated the emission
and absorption probabilities of the spin-3/2 particles across the horizons, as well as
the temperatures of the horizons.
We also analyzed the charged spin-3/2 particles, on the background of these ac-
celerating black holes, with parameters of electric and magnetic charges and rotation.
The spin-3/2 wave equations are analyzed similarly for this case. The Boltzmann
factor of the emitted outgoing particles are derived, including the chemical potential
conjugate to the charge of the particle.
Because the spacetime here is a black hole with acceleration, there are two types
of event horizons. One is the black hole event horizon at the outer horizon radius,
and another is the acceleration horizon due to the acceleration of the source. By
the integration along complex path we obtained also the emission and absorption
probabilities of the spin-3/2 particles across the acceleration horizon.
The properties of the wavefunctions of the spin-3/2 particles near the acceler-
ation horizon are also analyzed in detail. The surface gravity at the acceleration
horizon calculated after performing a coordinate transformation, matches with the
temperature calculated by the Rarita-Schwinger equations.
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